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SEVERAL aminoazo dyes are known to induce liver tumours when fed to rats
(Miller and Miller, 1953, 1955). The dyes which appear in the liver after feeding
have been classified as " free ", "polar bound " and " non-polar bound " by
Miller and Miller (1947). The free dye is that fraction which can be extracted by
ethyl alcohol from the dried tissue protein. The bound dye, in contrast, cannot
be removed from the intact proteins by even the most rigorous extraction, but is
only liberated after alkaline hydrolysis. The non-polar fraction of the bound
dye can be extracted from the hydrolysis mixture by petroleum ether, whereas
the polar fraction, which constitutes the major part, can be extracted only by an
ethyl alcohol-ethyl ether mixture. The non-polar dyes have been identified as
N-demethylation products, while the polar bound dyes are believed to owe their
polar properties to their attachment to some amino acid or peptide fragment
released from the liver protein by the alkaline hydrolysis (Miller and Miller, 1952,
1953, 1955; Terayama, Ishidate and Hanaki, 1959).
In rats fed aminoazo dyes, either continuously at a low level, or in a single
large dose, the only organ in which bound dye is found is the liver (Miller and
Miller, 1947; Gelboin, Miller and Miller, 1958). Studies on the accumulation of
protein-bound dye in the liver under various conditions indicate that the formation
of this bound dye has a role in the carcinogenic process, possibly through deletion
of the protein involved in the binding (Miller and Miller, 1947, 1953, 1955 ; Miller
et al., 1949). However, the observation that high levels of bound dyes are found
in the livers of rats fed the weakly carcinogenic 2-methyl-4-dimethylaminoazo-
benzene and 3-methyl-4-dimethylaminoazobenzene (Miller et al., 1949) and in
the livers of refractory rats after feeding 3'-methyl-4-dimethylaminoazobenzene
(Griffin et al., 1955; Ward and Spain, 1957; Spain and Clayton, 1958) suggests
that the formation ofbound dye in the liver may be a necessary, but not sufficient,
requirement for the induction of liver tumours by aminoazo dyes (Miller and
Miller, 1955).
Besides its presence in the liver, a relatively small amount of bound dye has
also been detected in the blood plasma of rats fed 4-dimethylaminoazobenzene
for two months (Miller and Miller, 1947). No further attention has, however,
been given to the occurrence or possible importance of bound dye in blood or
serum. We have, therefore, undertaken a study of this aspect of the problem.
The present work reports the determination of bound dye in the serum and obser-
vations on the protein fractions to which it is attached.AZO DYES IN THE SERUM OF RATS
MATERIAL AND METHODS
Reagents. 3'-Methyl-4-dimethylaminoazobenzene (3'-MeDAB; m.p. 120-4-
121*2' C.) was prepared by coupling diazotized m-toluidine with dimethylaniline
as described by Miller and Miller (1948).
The borate-phosphate buffer used in the electrophoresis experiments had an
ionic strength of 0*05 and contained 2-34 g. NaH2PO4 . 2H20 and 4-29 g.
Na2B407 . 10 H20 per litre. The pH was 8.45 at 220 C.
Treatment of animals. Male albino rats (weight 180-220 g.) of the Wistar
strain were provided by the National Nutrition Research Institute, Pretoria.
The animals were housed in wire cages at 20°C. and fed ad libitum on the Institute's
stock diet (protein, 20 per cent; ash, 7*4 per cent ; main component: maize
meal, 56 per cent) and tap water.
A single dose of 50 mg. of 3'-MeDAB in 2 ml. of olive oil was administered
by stomach tube to rats which were fasted for four hours before dosing, and their
blood was drawn 45 hours later. Preliminary tests had shown that the level of
bound dye in the serum and the liver reached a maximum at about 40 hours after
dosing.
For the collection of serum, the animals were anaesthetized with ether, the
abdominal cavities exposed and the blood was obtained from the abdominal aorta.
The blood was left to clot, centrifuged and the serum obtained.
Column electrophoresis. Column electrophoresis of the serum was performed
as described by Gedin and Porath (1957) in a vertical column (diameter 175 cm.,
length 150 cm.) filled with Munktell's cellulose powder. The column was cooled
with water of 40 C. in the outer jacket. The serum was dialysed against two
changes of buffer (1 litre). Eight ml. of dialysed serum (i.e. about 500 mg.
of protein) was applied to the column. Using a voltage of 1500 V and a current
of 25 mA the electrophoresis was carried out for 52 hours. After electrophoresis,
the separated proteins were displaced from the column with buffer and the effluent
was collected in fractions of 3-8 ml. The protein content of each fraction was
determined by measuring the absorption at 280 m,u. The optical densities were
plotted against the numbers of the fractions and the resulting pattern was used
as a guide for combining the fractions to obtain five serum protein fractions,
namely, pre-albumin, albumin, a-globulin, ,-globulin and y-globulin. These
combined fractions were dialysed free from salts against distilled water, freeze-
dried and then dried in vacuo over P205. The identity of these fractions was
ascertained by paper electrophoresis on horizontal strips of Whatman 3 MM
filter paper.
Estimation of dye. For the determination of free, polar bound and non-
polar bound dye in the serum and in the serum protein fractions, a modification
of the methods ofMiller and Miller (1947) and ofWard and Spain (1957) was used.
The free dye was extracted from salt-free, lyophilized protein samples (50-80
mg.) with 50 ml. of absolute ethyl alcohol for 15 minutes at 750 C. After centri-
fugation the residue was re-extracted twice with a boiling mixture of 30 ml. of
absolute alcohol and 10 ml. of peroxide-free diethyl ether. Determination of
free dye in each subsequent extract proved that this procedure gave quantitative
extraction of the free dye. The extracts were combined, concentrated to 20 ml.,
chilled, 25 ml. of chilled 7 N HC1 added, and the optical absorption measured after
15 minutes at 505 m,u, using a 10 cm. absorption cell. The blank correction was
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obtained after reduction of the azo dye by addition of 0 45 ml. of a saturated
solution of stannous chloride in concentrated hydrochloric acid.
After these extractions the proteins were dried in vacuo over P205. A weighed
amount of the dried protein was hydrolysed in an aqueous KOH-alcohol mixture
and the non-polar and polar bound dyes were determined according to the method
ofMiller and Miller (1947). Blank corrections were again obtained after reduction
with stannous chloride.
The results of the measurements have been calculated as m1amoles of azo dye
per 100 mg. of protein, as described by Ward and Spain (1957).
Control experiments in which 0 3 mg. of 3'-MeDAB was added to 5 ml. of
normal rat serum and allowed to stand overnight at 40 C. before extraction, showed
that no in vitro formation of bound dye either in the polar or non-polar form
occurred under the above conditions.
Spectrum of bound dye. The absorption spectra of polar bound dye obtained
from the liver (according to the method of Ward and Spain, 1957) as well as
from the serum of the same rats were obtained as the difference between the
spectra in ethyl-alcohol-7 N hydrochloric acid (4: 5) before and after reduction
with stannous chloride.
RESULTS
Free electrophoresis of serum obtained 45 hours after administration of 50 mg.
of 3'-MeDAB showed that the pattern of the serum proteins was completely
normal.
The amounts of free and non-polar and polar bound dye in two sera, each
obtained from three rats 45 hours after administration of 50 mg. of 3'-MeDAB,
are shown in Table I. From this it is seen that in addition to the free dye, appre-
ciable amounts of polar bound dye were present. The non-polar bound dye
concentration, however, was small.
TABLE I. Azo Dye Concentrations in Sera of Rats after Administration
of 50 my. of 3'-MeDAB. Concentrations are Expressed a,s m/moles Dye
per 100 my. Protein
Serum A Serum B
Free dye . 81 . 95
Non-polar bound dye 2 2
Polar bound dye . 20 . 36
The elution curves obtained after column electrophoresis of two sera, A and C,
each from three rats treated with 50 mg. of 3'-MeDAB showed a significant pre-
albumin component. According to Garbers and Joubert (1958) this effect is due
to an increased electrophoretic mobility of a1-glycoprotein in the complexing
borate buffer used. From analysis ofthe elution curves it was estimated that the
pre-albumin fractions used for aminoazo dye determinations contained up to 50
per cent of albumin. The relative proportions of the protein fractions (Table II)
were obtained from the areas of the corresponding portions of the elution curves.
The amounts of dye associated with the serum protein fractions are also given
in Table II. The quantities of x-globulin available for the dye determinations
were small, and consequently the values calculated for the amount of dye in this
protein fraction are less reliable.
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TABLE II.-Azo Dye in Protein Fractions of Rat Serum
After Administration of 50 mg. of 3'-MeDAB
m/Lmoles polar
Concentration of dye bound dye in
Serum protein in fraction protein
composition (mjumoles/100 mg. protein) fractions of
(per cent of ,___-___ 100 mg. total
Serum protein total serum Free Non-polar Polar serum protein
Serum fraction protein) dye bound dye bound dye (calculated)
A . Pre-Albumin. 17 . 5 1 14 2-4
Albumin . 37 . 101 2 30 . 11-7
a-globulin . 7 (4) 0 (3) . 0-2
f-globulin 20 . 0 0 3 0-6
y-globulin . 18 7 0 3 0-5
C . Pre-Albumin 16 0 1 11 . 1-8
Albumin. 33 12 1 22 7 3
a-globulin . 11 . 0 1 (4) 0-4
f-globulin . 20 . 0 0 2 0-4
y-globulin . 20 . 0 0 3 . 0-6
The free dye in the serum is associated essentially with the albumin. How-
ever, only insignificant amounts of free dye could be detected in the pre-albumin
fractions, although a large part of these fractions is albumin. It therefore
appears that the free dye is adsorbed on the slower moving albumin.
Relatively large amounts ofpolar bound dye are associated with the albumin,
and only very small amounts of polar dye seem to be bound to ac-globulin, /1-
globulin and y-globulin. The polar dye found in the pre-albumin fraction may be
accounted for as albumin-bound dye. Calculation of the total amount of polar
dye bound to each protein fraction per 100 mg. oftotal serum proteins shows that
approximately 90 per cent of the polar dye in the serum is bound to albumin
(Table II, last column).
In order to compare the protein-bound dyes found in the serum to those
found in the liver, the absorption spectra of the dyes released in either case, by
alkaline hydrolysis, have been measured in acid-ethyl alcohol solution. These
spectra were of similar shape in the wavelength range 400 m,u to 600 m,t, but the
maximum occurred at 520 to 522 m,u inthecaseofdyereleasedfromserum or serum
albumin and at 525 m,t in the case ofthat from liver protein.
DISCUSSION
It is known that most of the free (demethylated) aminoazo dyes in the blood
are associated with the erythrocytes (Miller, Miller and Baumann, 1945). The
demonstrationoffree dye in the serum ofrats fed a single dose of50 mg. 3'-MeDAB
is, therefore, of interest because similar quantities of free 3'-methyl-4-aminoazo-
benzene have been found in the blood of rats fed 3'-MeDAB in the diet for 15-33
days (Miller et al., 1958).
Of greater importance is the present demonstration of substantial amounts of
polar bound dye in the serum. The dye released from serum proteins by alkaline
hydrolysis is similar in solubility properties (e.g. in petroleum-ether and ethanol-
ether mixtures) to that bound to liver proteins in the same rats. The absorption
spectra were also generally similar, except that a small difference in wavelength
of maximum absorption was observed. The significance of this difference is
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uncertain. Terayama et al. (1958) and Terayama, Kusama and Aoki (1958)
fractionated protein-bound DAB derivations after protein hydrolysis into a frac-
tion withAinax 514 m,t and anotherwith Amax 522 m,u and they considered that the
first fraction contained a primary amino group, and the second a secondary
amino group. The question whether similar differences exist between the dyes
bound to serum and liver proteins cannot be answered at this stage.
Unpublished work in this laboratory has shown that the amount of bound dye
per 100 mg. of protein in the serum is approximately half that in the liver of the
same rats at all times between 12 and 45 hours after feeding. Taking into account
the relative weights of liver and serum proteins in the rat, the total quantity of
bound dye in the serum is approximately one-quarter of that in the liver. This
constitutes evidence that the appearance of bound dye in the serum parallels
that in the liver. From calculations based on a half-life of 31 days for the liver
protein-bound dye (Miller and Miller, 1952; Gelboin et al., 1958) it also appears
unlikely that the considerable amount ofbound dye in the serum has been formed
from the liver protein-dye complex. It should furthermore be noted that the
bound dye in the serum is associated with the electrophoretically fast moving
albumin fraction, while in the liver the bulk of the bound azo dye has been found
in a slow moving fraction of the soluble proteins (Sorof et al., 1951).
The demonstration that the bound dye in the serum is associated with the
albumin fraction is of interest in view of the important role of the microsomes of
liver cells in the process of albumin synthesis (Peters, 1957, 1959; Campbell,
Greengard and Kernot, 1960) as well as in the process ofincorporation ofaminoazo
dyes into proteins during their synthesis (Hultin, 1956, 1957 ; Gelboin et al.,
1958).
These considerations suggest that the binding of aminoazo dyes is not a highly
specific process, involving a single protein, but rather that it tends to occur on a
number of proteins (see also Terayama and Otsuka, 1960).
The relative importance of incorporation of various aminoazo dyes into liver
and serum proteins and the mechanism of binding is now being studied in this
laboratory.
SUMMARY
Significant quantities of free and bound dye have been observed in the serum
of rats fed a single dose of 3'-methyl-4-dimethylaminoazobenzene. After column
electrophoresis on cellulose, these dyes were shown to be associated with the
albumin fraction. The results do not support the contention that binding of
aminoazo dye to protein in the liver is highly specific.
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